• Types of epidermal and curticular waxes on petal and sepal.
INTRODUCTION
Acanthaceae is a flowering plant family under the order of Lamiales and comprises at least 4,000 species regardless of tropical and subtropical species (Borg 2008) . According to Hu et al. (2011) , there are about 220 genera and 4,000 species in the pantropical and subtropical region with few species can be found in the temperate region. About 35 genera are native in Peninsular Malaysia and few have been brought to Peninsular Malaysia as ornamental plants. Acanthaceae is also the third largest tropical plants after the Myrtaceae and Melastomataceae (Grant 1955) .
Acanthaceae comprises of three subfamilies which are Acanthoideae, Thunbergioideae and Nelsonioideae (Melchior 1964; Keng 1986; Borg & Schonenberger 2011) . Scotland and Vollesen (2000) classified Acanthaceae into three subfamilies, Nelsonioideae, Acanthoideae and Thunbergioideae, while McDade et al. (2008) consider the family consists of four subfamilies, Acanthoideae, Nelsonioideae, Thunbergioideae and Andrographideae. But later, Vollesen (2008) elevated the Tribe Ruellieae to subfamily Ruellioideae. New findings by Schwarzbach and McDade (2002) and Borg (2008) have suggested that Avicennia has a sister relationship with Acanthaceae but still questionable and unclear in Acanthaceae lineages. The species from the Acanthaceae can be found in many habitat, having lots of morphological characters and biogeographical distribution. Taxonomic studies of Asian Justicia have been done by few researchers such as Clarke (1885) , Benoist (1935) , Hansen (1989) , Cramer (1998) and Ruengsawang et al. (2012) , but the taxonomical study on the Justicia in Malaysia is still scarce with only researches by some researchers such as Ridley (1923) and Ruth (2009) been known. In 2017, a study on current morphology-based classification of "justicioid" lineage with focus on Old World taxa by Kiel et al. (2017) confirmed 53 a strong support of monophyly of New World justicioids including all New World species of Justicia. They also added that even though some genera of justicioids are monophyletic, Justicia is grossly polyphyletic. The results were obtained by the combinations of diagnostic utility of morphological characters for major clades focusing on the inflorescences, androecia, seeds and pollen.
Justicia is the largest genus in Acanthaceae with about 600 species and distributed in the tropical and subtropical as well in both hemisphere (Wasshausen 1989) . Mabberley (2008) stated that, Justicia L. is one of the largest and most complex genera in Acanthaceae. According to McDade et al. (2008) , even though Acanthaceae is an important component in the tropical and subtropical all over the world, taxonomists are still having scarce information about the family especially in part of petal and sepal micromorphology.
In this study, the investigation focused just at the micromorphological characteristics of petal and sepal epidermal surfaces on some Justicia species in Peninsular Malaysia in order to understand more on the micromorphological characteristics of the flower (especially on the petals and sepals).
MATERIALS AND METHODS
Six species were chosen (J. betonica T. Anderson, J. carnea Hook. ex Nees, J. comata Vellozo ex Nees, J. gendarussa J. Macrae ex Nees, J. procumbens T. Anderson ex Nees, and J. ptychostoma Nees) for this study. Fresh samples of flower were used and were collected from several forest reserves, as shown in Table 1 and Fig. 1 . Observation under scanning electron microscope follows Barthlott et al. (1998) and Noraini (2006) with few modifications. Small piece of petal and sepal were fixed in 4% glutaraldehyde for 12-24 h at 4°C prior to the dehydration in alcohol series (35%, 50%, 75%, 95%, 100%) followed by critical point drying using drying machine model Polaron CPD 7501, were then been attached to the aluminium stubs with double sided adhesive tape and then sputter-coated with a thin film of gold using Gold Coater model BioRad SC500 to improve the electrical conducting properties of the leaf surface. Samples then were examined under a scanning electron microscope model Philips XL Series XL 30 with magnification up to 10,000x. The description of petal and sepal micromorphology follows Radford et al. (1974) and Singh and Jain (1975) . 
Petal

J. comata
Wax: present in form of film layer and granular on both abaxial and adaxial epidermal. Cuticular striation on abaxial epidermal: obscure, periclinal and anticlinal wall cannot be differentiated. Cuticular striation on adaxial epidermal: clearly define, with periclinal wall merged at certain area, forming conical shape papillae, anticlinal wall sunken, tiny striae present at certain area of epidermal surface and present almost parallel towards the peak of papillae, no striae present at the peak of papillae. Stomata: absent. Trichome: simple multicellular or simple uniseriate (short to long, with echinate ornamentation) sparsely scattered on the abaxial epidermal and peltate glandular trichome (multicellular terminal-2 cells) sparsely scattered on the adaxial epidermal.
J. betonica
Wax: present in form of film layer and flakes cuticular waxes on the abaxial epidermal, film and granular cuticular waxes present on the adaxial epidermal. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticlinal epidermal sunken. Cuticular striation on adaxial epidermal: clear, periclinal walls sunken, striae present at certain area forming parallel line heading to the middle part of periclinal wall. Stomata: amphistomatic, paraficial, present sparsely scaterred, subsidiary and epidermal cell can be differentiated, three subsidiary cells, anisocytic stomata, elliptical in shape, epidermal cells/ subsidiary cells do not over arching the stomata, stomata size 12. 66-16.32 µm long, 9.38-12.43 µm width. Trichome: peltate glandular (multicellular terminal, 4-cells), sparsely scattered on the abaxial epidermal and simple multicellular or simple uniseriate (short to long, echinate ornamentation) present densely scattered especially on the venation area and sparsely scattered on adaxial epidermal of petal.
J. procumbens
Wax: present in form of film layer and granule cuticular wax on both abaxial and adaxial epidermal. Cuticular striation on abaxial epidermal: clear, periclinal wall mergedd and anticlinal wall sunken. Cuticular striation on adaxial epidermal: clear, with periclinal wall merged forming conical shape with wide base papillae, striae present on the entire surface of periclinal wall almost parallel towards the peak of papillae, strips present on the peak of papillae, anticline wall sunken. Stomata: absent. Trichome: simple multicellular or simple uniseriate (short to long, echinate ornamentation) present less dense on the surface of abaxial epidermal of petal, capitate glandular (multicellular short stalk -multicellular terminal) sparsely scattered on the adaxial epidermal surface.
J. carnea
Wax: in form of film layer and granule cuticular wax present on both abaxial and adaxial epidermal. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken, fine parallel cuticle strips present on the abaxial epidermal surface. Cuticular striation on adaxial epidermal: clear, with pericline wall merged forming lobe-shaped papillae, anticlinal wall sunken, striae with rugulate pattern present randomly on the surface of pericline wall. Stomata: absent. Trichome: capitate glandular (long stalk, short middle cell and swollen long base cell -multicellular terminal), simpel unicellular (short, conical shape) and simple multicellular or simple uniseriate (short to long, echinate ornamentation) sparsely scattered on the abaxial epidermal surface of petal.
J. ptychostoma
Wax: crustose and granule cuticular wax present on the abaxial epidermal surface, film layer and granule cuticular wax present on the adaxial epidermal surface of petal. Cuticular striation on abaxial epidermal: unclear, periclinal wall merged and anticlinal wall sunken at certain area, anticlinal wall merged and periclinal wall sunken at certain area. Cuticular striation on adaxial epidermal: clear, pericline wall merged and anticline wall sunken, striae present and randomly arranged in the epidermal surface. Stomata: absent. Trichome: simple multicellular or simple uniseriate (short to long, echinate ornamentation) and simple unicellular (short, echinate ornamentation) sparsely scattered on the abaxial epidermal surface of petal.
J. gendarussa
Wax: present in form of film layer and granule cuticular wax on both abaxial and adaxial epidermal surface. Cuticular striation on abaxial epidermal: clear, periclinal wall merged forming lobe-shaped papillae, anticlinal wall sunken, striate pattern striae present on the surface of periclinal wall. Cuticular striation on adaxial epidermal: clear, periclinal wall sunken and anticline wall merged forming crest. Stomata: absent. Trichome: peltate glandular (multicellular terminal -2 cells) and peltate glandular (multicellular terminal -4 cells) sparsely scattered on the abaxial epidermal surface, simple multicellular or simple uniseriate (short, conical shape) very sparsely scattered on the adaxial epidermal surface.
Sepal
J. comata
Wax: in form of film layer, crustose and granule cuticular wax present on the abaxial epidermal, Film layer and granule cuticular wax present on the adaxial epidermal surface. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Cuticular striation on adaxial epidermal: clear, pericline wall merged and anticline wall sunken. Stomata: superficial, hypostomatic (present only on the abaxial epidermal surface), present less dense, randomly distributed, clear differences between subsidiary cells and epidermal cells, three subsidiary cells, anisocytic stomata, elliptical shape, epidermal cells/ subsidiary cells do not surround the stomata, stomata size 15.0-16.5 µm long x 10.2-11.9 µm width. Trichome: peltate glandular (multicellular terminal -4 cells) present dense on both abaxial and adaxial epidermal surfaces of sepal (arrow), simple unicellular (short to long, echinate ornamentation) present less dense on the abaxial epidermal surface, simple unicellular (short to long, without echinate ornamentation) sparsely scattered on both abaxial and adaxial epidermal surface.
J. betonica
Wax: in form of film layer and granule cuticular wax present on both abaxial and adaxial epidermal surface. Cuticular striation on abaxial epidermal: unclear, periclinal wall sunken and anticlinal wall merged forming crest, fine strips of cuticle present parallel on the anticlinal and periclinal wall. Cuticular striation on adaxial epidermal: unclear, with periclinal wall sunken and anticlinal wall merged forming crest (thin at some part and thick at some part), papillae present, fine unparalleled strips present on the papillae. Stomata: absent. Trichome: simple unicellular (short to long, echinate ornamentation) and simple multicellular or simple uniseriate (short to long, echinate ornamentation) densely scattered on the abaxial epidermal surface.
J. procumbens
Wax: in form of film layer, granule and flakes cuticular wax present on both abaxial and adaxial epidermal surface. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticline wall sunken. Cuticular striation on adaxial epidermal: clear, periclinal wall merged and anticline wall sunken. Stomata: paraficial, amphistomatic, present on abaxial and adaxial epidermal surface densely scattered, subsidiary cells and epidermal cells can be differentiated, two subsidiary cells, diacytic stomata, elliptical, epidermal cells/subsidiary cells do not encircle the stomata, stomata size 11.5-16.9 µm long x 7.2-11.9 µm width. Trichome: peltate glandular (multicellular terminal -8 cells), capitate glandular (short stalk -unicellular terminal) sparsely scattered on the abaxial epidermal surface, simple multicellular or simple uniseriate(short to long, echinate ornamentation) and capitate glandular (multicellular long stalk -lobes unicellular terminal) present randomly and very densely scattered on the abaxial epidermal surface, simple multicellular or simple uniseriate (short to long, echinate ornamentation) and peltate glandular (multicellular terminal -4 cells) present on the adaxial epidermal surface.
J. carnea
Wax: in form of film layer, granules and flakes present on both abaxial and adaxial epidermal surface. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Cuticular striation on adaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Stomata: superficial, hypostomatic (present only on the abaxial epidermal surface), randomly and sparsely scattered, clear differences between subsidiary cells and epidermal cells, two subsidiary cells, anisocytic stomata, elliptical, epidermal cells/subsidiary cells do not encircle the stomata, stomata size 13.6-15.7 µm long x 7.9-8.3 µm width. Trichome: simple multicellular or simple uniseriate (short to long, echinate ornamentation) and peltate glandular (multicellular terminal -8 cells) sparsely scattered on both abaxial and adaxial epidermal surface.
J. ptychostoma
Wax: in form of film layer, wax block, flakes and granule cuticular present on abaxial epidermal surface. Film layer, flakes and granule cuticular wax present on adaxial epidermal surface. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Cuticular striation on adaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Stomata: superficial, hypostomatic (present only on the abaxial epidermal surface), randomly and sparsely scattered, clear differences between subsidiary cells and epidermal cells, two subsidiary cells, parasitic stomata, elliptical, epidermal cells/subsidiary cells do not surround stomata, stomata size 17.4-20.0 µm long x 9.7-12.7 µm width. Trichome: simple unicellular (short to long, without echinate ornamentation) densely scattered on both abaxial and adaxial epidermal surface, simple unicellular (short to long, echinate ornamentation) very sparsely scattered on abaxial and adaxial epidermal surface, and peltate glandular (multicellular terminal -4 cells) sparsely scattered on the abaxial and adaxial epidermal surface of sepal.
J. gendarussa
Wax: film layer, granules and flakes present on abaxial and adaxial epidermal surface. Cuticular striation on abaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Cuticular striation on adaxial epidermal: clear, periclinal wall merged and anticlinal wall sunken. Stomata: paraficial, amphistomatic, sparsely scattered on abaxial and adaxial epidermal surface, randomly distributed, clear differences between subsidiary cells and epidermal cells, three subsidiary cells, anisocytic stomata, elliptical, epidermal cells/subsidiary cells do not encircle the stomata, stomata size 28.1-35.2 µm long x 13.7-16.2 µm width. Trichome: simple unicellular (short to long, echinate ornamentation) and peltate glandular (multicellular terminal -8 cells) present on abaxial epidermal surface, capitate glandular and capitate glandular (multicellular short stalk -multicellular terminal, 2 cells) present only on adaxial epidermal surface.
DISCUSSION
Common Micromorphological Characteristics
Cuticular waxes can be found on both abaxial and adaxial epidermal surfaces of petal and sepal in all species studied. Granular cuticular wax is the only type of wax that is present on petal and sepal of all species studied. Thus, these characters could be used to group all species studied under the same genus Justicia.
Interspecies Variation
According to Inamdar (1967) , trichomes can be used for species delimitation. Trichomes are physical resistivity structure that are present on plants (Levin 1929) , and having characters that can be used for plant taxonomical study (Metcalfe & Chalk 1979) . There are eight types of trichomes present in the petal and eight types present in the sepal. Trichomes present in the petals are simple unicellular, simple multicellular (simple uniseriate), capitate and peltate glandular. Simple and glandular trichomes present in all Justicia species studied but vary in detail micromorphological structures. Results have shown that some Justicia species can be differentiated and identified based on the types of trichomes. Types of trichomes present are shown in Fig. 2 .
Presence of cuticular wax on both abaxial and adaxial epidermal surfaces of petal and sepal in all species were recorded. Types of cuticular wax present on petal and sepal epidermal surfaces are film layer, granules, flakes, block and crustose. The occurrence of cuticular waxes is very useful for species identification and it is proven in this study. Crustose cuticular wax is only found in the petal of J. ptychostoma. Grouping and species differentiation in the genus can be done using the type of cuticular wax present. According to Barthlott and Frolich (1983) , the cuticular wax occurrence on epidermal does have a taxonomical value and can be used in species identification. Types of cuticular waxes present can be seen in Fig. 3 .
According to Watson (1962) , the morphology of stomata has long been looked upon as a one of the useful taxonomic criteria. Stomata occurrence and types are also very useful in the species recognition in Justicia. For instances J. betonica can be recognised directly by having amphidiacytic stomata on petal epidermal surface while stomata were absent in the petal epidermal surface of other species. J. procumbens and J. gendarussa can also be differentiated from other species by the presence of amphistomatic stomata on its sepal. J. comata, J. carnea and J. ptychostoma do have stomata but only on the abaxial epidermal surface of sepal (hypostomatic). Therefore, the occurrence of stomata is very useful for taxonomic study of Justicia (Acanthaceae). Study on flowers anatomy by O'Neill (2010) in J. brandegeana have shown that stomata were only present on the abaxial epidermal surface (hypostomatic). However, in the study by Patil and Patil (2011) , the results showed that J. trinervia and J. wynaddensis were having amphistomatic and hypostomatic stomata respectively. Fig. 4 shows the types of stomata occurrence in the species studied. The variation can also be seen in the petal and sepal epidermal cuticle ornamentation. Different types of cuticular striation present undoubtedly indicate that each species can be differentiated from others. According to Tewary and Sarkar (1985) in their study on Vatica (Dipterocarpaceae) in India, cuticle ornamentation does have high taxonomical value and can be used in for species identification. Cuticle ornamentation variation of the species studied can be seen in Fig 
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